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METHOD AND APPARATUS FOR A POINT OF CARE DEVICE 

5 BACKGROUND OF THE INVENTION 

A. TECHN1CAI FlFi n 

Thelechnical field relates to using fluorescence or fluorescence lifetime decay of 

oxygen sensors «o measure multiple parameters simultaneously such as pH, blood gases 
electrolytes., immunoassay and hematology in a handheld miniaturized format using 
10 mexpensive electronics for illumination, detection .lancet actuation and data 

communication. Alternatively, electrochemical tests suitable for point of care testing can 
be employed. 

B. RELATF.D ART 

•5 POC (point of care) testing is attractive because i, rapidly delivers results to the 

med.cal practitioner and enables faster consultation with the patient enabling the 
praot.oner to commence treatment sooner, perhaps leading towards improved patient 
outcomes. Relevant art includes the use of screening and monitoring diagnostics for early 
intervention, such as cardiac markers for early detection of angina, coronary artery 
occlus,on and ruling ou, chest pain (triage). Examples of POC tests include blood 
chenustry such as glucose, lactate, electrolytes, as well as hematology, immuno- 
d.agnostics, drugs of abuse, serum cholesterol, fecal occult blood test ("FOBT") 
pregnancy, and ovulation. Examples of electrochemical Point of Care devices, which are 
hand, held are given by the i-STAT where electrochemical tests are carried out on a few 
25 drops of blood. Based on Microfabricated thin film electrodes,common tests include 
creatmme, or glucose on single cartridges, or combined tests such as sodium, potassium 
hematocrit and hemoglobin on a single cartridge. Tests are combined on cartridges 
dependmg on the application e.g. blood gas panel etc. One disadvantage to this 
deployment of tests on pane, specific cartridges is that in some cases several cartridges 
0 may be usedto obtain complete POC information from the patient 
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Current POC devices such as the i-STAT do not provide an integrated solution for 
patient self-testing for sample acquisition, testing, analysis and connectivity to remote 
centralized healthcare. Accordingly it is the object of this invention to provide a portable, 
highly integrated, multi-parameter measurement instrument where sampling is integrated 
5 with measurement processes from 1 uL of blood or less. Integration will allow the broad 
deployment of tests for a single sample acquisition step. This fully integrated blood, 
sampling and measurement technology platform has been established for glucose spot 
monitoring, (WO 02/1000254 Lancet launching device integrated on to a blood sampling 
cartridge) in a multi-test format (100+ tests) employing an electronic blood-sampling 
10 device (WO 02/100460 Electric lancet actuator, WO 02/100251 Self optimizing lancing 
device) embedded within a glucose measurement instrument and a data management 
system (WO 02/101359 Integrated blood sampling and. analysis system with multi use 
sampling module). Optical measurement of analytes provides the potential to monitor 
important clinical analytes for Point of Care applications. Fluorescent amplitude or 
1 5 lifetime decay optical measurements of glucose can be made with low-cost, low-power 
consumption components that are compatible with handheld instrumentation. These 
components include LED's, plastic optical elements, and CMOS or photodiode light 
detectors. The opportunity exists to carry out multiple measurements-on the same sample 
to obtain more precise results or to analyze for components other than glucose (US. 
20 6,379,969 Optical sensor for sensing multiple analytes) 

These POC still use a body fluid sample. Obtaining such a sample using 
conventional lancing device can be painful. Early methods of lancing included piercing 
or slicing the skin with a needle or razor. Current methods utilize lancing devices that 
contain a multitude of spring, cam and mass actuators to drive the lancet. These include 
25 cantilever springs, diaphragms, coil springs, as well as gravity plumbs used to drive the 
lancet. The device may be held against the skin and mechanically triggered to 
ballistically launch the lancet. Unfortunately, the pain associated with each lancing event 
using known technology discourages patients from testing. In addition to vibratory 
stimulation of the skin as the driver impacts the end of a launcher stop, known spring 
30 based devices have the possibility of firing lancets that harmonically oscillate against the 
patient tissue, causing multiple strikes due to recoil. This recoil and multiple strikes of 
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the lancet is one major impediment to patient compliance with a structured glucose 
monitoring regime. 

Another impediment to uncomfortable patient experience of giving a blood 
sample is the lack of spontaneous blood flow generated by known lancing technology. In 
addition to the pain as discussed above, a patient may need more than one lancing event 
to obtain a blood sample since spontaneous blood generation is unreliable using known 
lancing technology. Thus the pain is multiplied by the number of attempts required by a 
patient to successfully generate spontaneous blood flow. Different skin thickness may 
yield different results in terms of pain perception, blood yield and success rate of 
obtaining blood between different users of the lancing device . Known devices poorly 
account for these skin thickness variations. 

Measurement of glucose concentration is commonly based on the use of an 
enzyme such as glucose oxidase or glucose dehydrogenase. In such sensing schemes, 
glucose (substrate) is turned over by an enzyme layer resulting in change in the 
concentration of another species such as oxygen or hydrogen ion. The change in 
concentration of these species can be converted into some charge based or optical change 
at a transducer interface (sensing region). Alternatively, if the enzyme is electrically 
coupled to an inert electrode, such a reaction results in a change in electron flow at 
constant applied potential. Both types of transduction mechanisms are widely used in 
glucose sensing. In the former type of transduction scheme, the reaction zone can be 
decoupled from the sensing region. Thus, the reaction of the enzyme with the substrate 
can be brought about in one region and the concentration measurement can be done in 
another region. In the latter scheme, the enzymatic reaction has to occur in close 
proximity to the sensing region (electrode surface) for electrical coupling. Some devices 
may also include analyte detecting member for analyzing sample fluid. Unfortunately, 
the storage ability of these devices are limited due to the need for some of these elements 
to be stored in inert environments. 

The current sensing technologies do not attempt the separate the reaction zone 
from the sensing region. One disadvantage of this approach is that the enzyme layer has 
to be placed lin close proximity to the sensing element. This results in considerable 
difficulty in manufacturing and/or stabilizing the chemistries associated with enzymatic 
reaction and the transduction scheme. For example in the optical transduction schemes, an 
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oxygen sensing layer such as a silicone rubber film doped wilh a flurophore, such as Ru 
Tris Diphenyl Phenanthroline, is coupled to the enzymatic layer containing glucose 

oxidase. The chemicals used in making these layers interfere with proper functioning of 

.. . • . \ - ; 

each other. There is often considerable reduction in the enzyme activity. The resultant 
5 sensors have limited dynamic range or limited shelf life or both. 

SUMMARY OF THE INVENTION 

. The present inveniion provides solutions for at least some of the drawbacks 

10 discussed above. Specifically, some embodiments of the present invention provide an 
improved body fluid sampling device. The device may be used to perform a plurality of 
analyte tests on a single sample. At least some of these and other objectives described 
herein will be met by embodiments of the present invention. 

In one embodiment, the present invention provides a multiple analyte detecting 

15 member and multiple lancet solution to measure analyte levels in the body. The invention 
may use a high-density analyte detecting member design of electrochemical or optical 
origin using multiple analyte detecting members to measure an analyte in a body fluid. It 
may use lancets of smaller size than known lancets. The device may^be used for multiple 
lancing events without having to remove a disposable from the device. 

20 The present invention provides solutions for at least some of the drawbacks 

discussed above. Specifically, some embodiments of the present invention provide an 
improved fluid sampling device. To improve shelf stable storage, devices and methods 
for decoupling enzyme layer from the sensing region may be provided. What is desired is 
a device and method that decouples the enzymatic reaction zone from the sensing region 

25 while providing appropriate contacting of the two with the sample to be analyzed. At 

least some of these and other objectives described herein will be met by embodiments of 
the present invention. 

In one aspect of the present invention/the invention relates to using the electronic 
tissue penetration device to drive a penetrating member into tissue, causing two separated 

30 storage areas.to be opened during actuation. 

In one embodiment of the present invention, a method of body fluid sampling is 
provided. The method comprises moving a penetrating member at conforming to a 
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selectable velocity profile or motion waveform; piercing a storage area having a sensing 
area; piercing another storage area having an enzyme area separate from the sensing area 
prior to piercing; and causing fluid to first flow to the enzyme area and then to the sensing 
area. The method may further comprise storing said enzyme area in an inert environment 
. different from an environment for the sensing area. 

, The system may further comprise means for coupling the force generator with one 
of the penetrating members. 

The system may further comprise a penetrating member sensor positioned to 
monitor a penetrating member coupled to the force generator, the penetrating member 
sensor configured to provide information relative to a depth of penetration of a 
penetrating member through a skin surface: 

The depth of penetration may be about 1 00 to 2500 microns. 

The depth of penetration may be about 500 to 750 microns. 

The depth ofpenetration may be, in this nonlimiting example, no more than about 
1000 microns beyond a stratum cqrneum thickness of a skin surface. 

The depth ofpenetration may be no more than about 500 microns beyond a 
stratum comeum thickness of a skin surface. 

The depth ofpenetration may be no more than about 300 microns beyond a 
stratum comeum thickness of a skin surface. 

The depth ofpenetration may be less than a sum of a stratum comeum thickness 
of a skin surface and 400 microns. 

The penetrating member sensor may be further configured to control velocity of a 
penetrating member. 

The active penetrating member may move along a substantially linear path into 
the tissue. 

The active penetrating member may move along an at least partially curved path 
into the tissue. 

The driver may be a voice coil drive force generator. 
The driver may be a rotary voice coil drive force generator. 
The penetrating member sensor may be coupled to a processor with control 
instructions for the penetrating member driver. 
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The processor may include a memory for storage and retrieval of a set of 
penetrating member profiles utilized with the penetrating member driver. 

The processor may be utilized to monitor position and speed of a penetrating 
member as the penetrating member moves in a first direction. 
5 The processor may be utilized to adjust.an application of force to a penetrating 

member to achieve a desired speed of the penetrating member. 

The processor may be utilized to adjust an application of force to a penetrating 
member when the penetrating member contacts a target tissue so that the penetrating 
member penetrates the target tissue within a desired range of speed. 
10 The processor may be utilized to monitor position and speed of a penetrating 

member as the penetrating member moves in the first direction toward a target tissue, 
wherein the application of a launching force to the penetrating member is controlled 
based on position and speed of the penetrating member. 

The processor may be utilized to control a withdraw force to the penetrating 
1 5 member so that the penetrating member moves in a second direction away from the target 
tissue. . • 

In the first direction, the penetrating member may move toward the target tissue at 
a speed that is different than a speed at which the penetrating member moves away from 
the target tissue. 

20 In the first direction the penetrating member may move toward the target tissue at 

a speed that is greater than a speed at which the penetrating member moves away from 
the target tissue. 

The speed of a penetrating member in the first direction may be the range of about 
2.0 to lO.Om/sec. 

25 The average velocity of the penetrating member during a tissue penetration stroke 

in the first direction may be about 100 to about 1000 times greater than the average 
velocity of the penetrating member during a withdrawal stroke in a second direction. 

A further understanding of the nature and advantages of the invention will become 
apparent by reference to the remaining portions of the specification and drawings. 

30 . . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates an embodiment of a controllable force driver in the form of a 
cylindrical electric penetrating member driver using a coiled solenoid -type configuration. 

Figure 2A illustrates a displacement over time profile of a penetrating member 
5 driven by a harmonic spring/mass system. • 

, Figure 2B illustrates the velocity over time profile of a penetrating member driver 
by a harmonic spring/mass system. 

Figure 2C illustrates a displacement over time profile of an embodiment of a 
controllable force driver. 

10 Figure 2D illustrates a velocity over time profile of an embodiment of a 

controllable force driver. 

Figure 3 is a diagrammatic view illustrating a controlled feed-back loop. 
Figure 4 is a perspective view of a tissue penetration device having features of the 
invention. 

15 Figure 5 is an elevation view in partial longitudinal section of the tissue 

penetration device of Figure 4. 

Figure 6 shows one embodiment of a radial disc for use with the present 
invention. 

Figures 7A and 7B show embodiments of the present invention. . 
Figure 8 shows one embodiment of the present invention for performing multiple 
measurements. 

Figure 9 shows one embodiment of a cartridge configured to measure different 
analytes. . 

Figure 10 shows one embodiment of a cartridge having analyte detecting members 
25 on the underside. 

Figure 1 1 shows one embodiment of method for preparing fluid for measurement. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

The present invention provides a solution for body fluid sampling. Specifically, 
30 some embodiments of the present invention provides a method for improving 

spontaneous blood generation. Some embodiments of the present invention provide an 
improved body fluid sampling device. For some embodiments of these penetrating 
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member drivers, the invention relates to a new contact point algorithm that is run 
immediately before the actual lance event. At least some of these and other objectives 
described herein will be met by embodiments of the present invention. 

It is to be understood that both the foregoing general description and the following 
5 detailed description are exemplary and explanatory only and are not restrictive of the 
invention, as claimed. It may be noted that, as used in the specification and the appended 
claims, the singular forms "a", "an" and "the" include plural referents unless the context 
clearly dictates otherwise. Thus, for example, reference to "a material" may include 
mixtures of materials, reference to "a chamber" may include multiple chambers, and the 

10 like. References cited herein are hereby incorporated by reference in their entirety, except 
to the extent that they conflict with teachings explicitly set forth in this specification. 

In this specification and in the claims which follow, reference will be made to a 
number of terms which shall be defined to have the following meanings: 

"Optional" or "optionally" means that the subsequently described circumstance 

1 5 may or may not occur, so that the description includes instances where the circumstance 
occurs and instances where it does not. For example, if a device optionally contains a 
feature for analyzing a blood sample, this means that the analysis feature may or may not 
be present, and, thus, the description includes structures wherein a device possesses the 
analysis feature and structures wherein the analysis feature is not present. 

20 The present invention may be used with a variety of different penetrating member 

drivers! It is contemplated that these penetrating member drivers may be spring based, 
solenoid based, magnetic driver based, nanomuscle based, or based on any other 
mechanism useful in moving a penetrating member along a path into tissue. It should be 
noted thai the present invention is not limited by the type of driver used with the 

25 penetrating member feed mechanism. One suitable penetrating member driver for use 

with the present invention is shown in Figure I. This is an embodiment of a solenoid type 
electromagnetic driver that is capable of driving an iron core or slug mounted to the 
penetrating member assembly using a direct current (DC) power supply. The 
electromagnetic driver includes a driver coil pack that is divided into three separate coils 

30 along the path of the penetrating member, two end coils and a middle coil. Direct current 
is alternated to the coils to advance and retract the penetrating member. Although the 
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driver coil pack is shown with three coils, any suitable number of coils may be used, for 
example, 4, 5, 6, 7 or more coils may be used. 

Referring to the embodiment of Figure I, the stationary iron housing 10 may 
contain the driver coil pack with a first coil 12 flanked by iron spacers 14 which 
5 concentrate the magnetic flux at the inner diameter creating magnetic poles. The inner 
insulating housing 1 6 isolates the penetrating member 1 8 and iron core 20 from the coils 
and provides a smooth, low friction guide surface. The penetrating member guide 22 
further centers the penetrating member 1 8 and iron core 20. The penetrating member 1 8 
is protracted and retracted by alternating the current between the first coil 1 2, the middle 
10 coil, and the third coil to attract the iron core 20. Reversing the coil sequence and 

attracting the core and penetrating member back into the housing retracts the penetrating 
member. The penetrating member guide 22 also serves as a stop for the iron core 20 
mounted to the penetrating member 18. 

As discussed above, tissue penetration devices which employ spring or cam 
1 5 driving methods have a symmetrical or nearly symmetrical actuation displacement and 
velocity profiles on the advancement and retraction of the penetrating member as shown 
in Figures 2 and 3. In most of the available lancet devices, once the launch is initiated, 
the stored energy determines the velocity profile until the energy is dissipated. 
Controlling impact, retraction velocity, and dwell time of the penetrating member within 
20 the tissue can be useful in order to achieve a high success rate while accommodating 
variations in skin properties and minimize pain. Advantages can be achieved by taking 
into account of the fact that tissue dwell time is related to the amount of skin deformation 
as the penetrating member tries to puncture the surface of the skin and variance in skin 
deformation from patient to patient based on skin hydration. 
25 In this embodiment, the ability to control velocity and depth of penetration may be 

achieved by use of a controllable force driver where feedback is an integral part of driver 
control. Such drivers can control either metal or polymeric penetrating members or any 
other type of tissue penetration element. The dynamic control of such a driver is 
illustrated in Figure. 2C which illustrates an embodiment of a controlled displacement 
30 profile and Figure 2D which illustrates an embodiment of a the controlled velocity 
profile. These are compared to Figures 2A and 2B, which illustrate embodiments of 
displacement and velocity profiles, respectively, of a harmonic spring/mass powered 
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driver. Reduced pain can be achieved by using impact velocities of greater than about 2 
m/s entry of a tissue penetrating element, such as a lancet, into tissue. Other suitable 
embodiments of the penetrating member driver are described in commonly assigned, 
copending U.S. Patent Application Ser.No. 10/127,395, (Attorney-pocket No. 38187- 

5 2551) filed April 19, 2002 and previously incorporated herein. 

Figure 3 illustrates the operation of a feedback loop using a processor 60. The 
processor 60 stores profiles .62 in non-volatile memory. A user inputs information 64 
about the desired circumstances or parameters for a lancing event. The processor 60 
selects a driver profile 62 from a set of alternative driver profiles that have been 

10 preprogrammed in the processor 60 based on typical or desired tissue penetration device 
performance determined through testing at the factory or as programmed in by the 
operator. The processor 60 may customize by either scaling or modifying the profile 
based on additional user input information 64. Once the processor has chosen and 
customized the profile, the processor 60 is ready to modulate the power from the power 

1 5 supply 66 to the penetrating member driver 68 through an amplifier 70. The processor 60 
may measure the location of the penetrating member 72 using a position sensing 
mechanism 74 through an analog to digital converter 76 linear encoder or other such 
transducer. Examples of position sensing mechanisms have been described in the 
embodiments above and may be found in the specification lor commonly assigned, 

20 copending U.S. Patent Application Ser, No. 1 0/1 27,395, (Attorney Docket No. 38 1 37- 
255 1) filed April 19, 2002 and previously incorporated herein. The processor 60 
calculates the movement of the penetrating member by comparing the actual profile of the 
penetrating member to the predetermined profile. The processor 60 modulates the power 
to the penetrating member driver 68 through a signal generator 78, which may control tjie 

25 amplifier 70 so that the actual velocity profile of the penetrating member does not exceed 
the predetermined profile by more than a preset error limit. The error limit is the 
accuracy in the control of the penetrating member. 

After the lancing event, the processor 60 can allow the user to rank the results of 
the lancing event. The processor 60 stores these results and constructs a database 80 for 

30 . the individual user. Using the database 79, the processor 60 calculates the profile traits 
such as degree of painlessness, success rate, and blood volume for various profiles 62 
depending on user input information 64 to optimize the profile to the individual user for 
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subsequent lancing cycles. These profile traits depend on the characteristic phases of 
penetrating member advancement and retraction. The processor 60 uses these 
calculations to optimize profdes 62 for each user. In addition to user input information 
64, an internal clock allows storage in the database 79 of information such as the time of 
5 day to generate a time stamp for the lancing event and the time between lancing events to 
anticipate the user's diurnal needs. The database stores information and statistics for each 
user arid each profile that particular user uses! 

In addition to varying the profiles, the processor 60 can be used to calculate the 

appropriate penetrating member diameter and geometry suitable to realize the blood 
10 volume required by the user. For example, if the user requires about 1-5 microliter 

volume of blood, the processor 60 may select a 200 micron diameter penetrating member 
to achieve these results. For each class of lancet, both diameter and lancet tip geometry, 
is stored in the processor 60 to correspond with upper and lower limits of attainable blood 
volume based on the predetermined displacement and velocity profiles: 

The lancing device is capable of prompting the user for information at the 
beginning and the end of the lancing event to m ore adequately suit the user. The goal is 
to either change to a different profile or modify an existing profile. Once the profile is 
set, the force driving the penetrating member is varied during advancement and retraction 
to follow the profile. The method of lancing using the lancing device comprises selecting 
a profile, lancing according to the selected profile, determining lancing profile traits for 
each characteristic phase of the lancing cycle, and optimizing profile trails for subsequent 
lancing events. 

Figure 4 illustrates an embodiment of a tissue penetration device, more 
specifically, a lancing device 80 that includes a controllable driver 1 79 coupled to a tissue 
penetration element. The lancing device 80 has a proximal end 81 and a distal end 82. At 
the distal end 82 is the tissue penetration element in the form of a penetrating member 83, 
which is coupled to an elongate coupler shaft 84 by a drive coupler 85. The elongate 
coupler shaft 84 has a proximal end 86 and a distal end 87. A driver coil pack 88 is 
disposed about the elongate coupler shaft 84 proximal of the penetrating member 83. A 
position sensor 91 is disposed about a proximal portion 92 of (he elongate coupler shaft 
84 and an electrical conductor 94 electrically couples a processor 93 to the position sensor 
91 The elongate coupler shaft 84 driven by the driver coil pack 88 controlled by the 
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position sensor 91 and processor 93 form the controllable driver, specifically, a 
controllable electromagnetic driver. ■ 

Referring to Figure 5, the lancing device 80 can be seen in more detail, in partial 
longitudinal section. The penetrating member 83 has a proximal end 95 and a distal end 
5 96 with a sharpened point at the distal end 96 of the penetrating member 83 and a drive 
head 98 disposed at the proximal end 95 of the penetrating member 83. A penetrating 
member shaft 201 is disposed between the drive head 98 andjhe sharpened point 97. The 
penetrating member shaft 201 may be comprised of stainless steel, or any other suitable 
material or alloy and have a transverse dimension of about 0.1 to about 0.4 mm. The 
10. penetrating member shaft may have a length of about 3 mm to about 50 mm, specifically, 
about 1 5 mm to about 20 mm. The drive head 98 of the penetrating member 83 is an 
enlarged portion having a transverse dimension greateij than a transverse dimension of the 
penetrating member shaft 201 distal of the drive head 98. This configuration allows the 
drive head 98 to be mechanically captured by the drive coupler 85. The drive head 98 
15 may have a transverse dimension of about 0.5 to about 2 mm. 

A magnetic member 1 02 is secured to the elongate coupler shaft 84 proximal of 
the drive coupler 85 on a distal portion 203 of the elongate coupler shaft 84. The 
magnetic member 102 is a substantially cylindrical piece of magnetic material having an 
axial lumen 204 extending ihe length of the magnetic member 102. The magnetic 
20 member 102 has an outer transverse dimension that allows the magnetic member 102 to 
slide easily within an axial lumen 105 of a low friction, possibly lubricious, polymer 
guide tube 105* disposed within the driver coil pack 88. The magnetic member 102 may 
have an outer transverse dimension of about 1.0 to about 5.0 mm, specifically, about 2.3 
to about 2.5 mm. The magnetic member 102 may have a length of about 3.0 to about 5,0 
25 mm, specifically, about 4.7 to about 4.9 mm. The magnetic member 102 can be made 
from a variety of magnetic materials including ferrous metals such as ferrous steel, iron, 
ferrite, or the like. The magnetic member 102 may be secured to the distal portion 203 of 
the elongate coupler shaft 84 by a variety of methods including adhesive or epoxy 
bonding, welding, crimping or any other suitable method. 
30 Proximal of the magnetic member 1 02, an optical encoder Hag 206 is secured to 

the elongate coupler shaft 84. The optical encoder flag 206 is configured to move within 
a slot 107 in the position sensor 91. The slot 107 of the position sensor 91 is formed 
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between a first body portion 108 and a second body portion 109 of the position sensor 91. 

The slot 107 may have separation width of about 1 :5 to about 2.0 mm . The optical 

encoder flag 206 can have a length of about 14 to about 1 8 mm, a width of about 3 to 

about 5 mm and a thickness of about 0.04 to about 0.06 mm. 

The optical encoder flag 206 interacts with various optical beams generated by 

LEDs disposed on or in the position sensor body portions 1 08 and 1 09 in a predetermined 
manner. The interaction of the optical beams generated by the LEDs of the position 
sensor 91 generates a signal that indicates the longitudinal position of the optical flag 206 
relative to the position sensor 91 with a substantially high degree of resolution, The 
resolution of the position sensor 91 may be about 200 to about 400 cycles per inch, 
spec.if,cally,about350toabout370cyclesperinch. The position sensor 91 mayhavea 
speed response time (position/time resolution) of 0 to about 120,000 Hz, where one dark 
and light stripe of the flag constitutes one Hertz, pr cycle per second. The position of the 
optical encoder flag 206 relative to the magnetic member 102, driver coil pack 88 and 
position sensor 91 is such that the optical encoder 91 can provide precise positional 
information about the penetrating member 83 over the entire length of the penetrating 
member's power stroke. 

An optical encoder that is suitable for the position sensor 91 is a linear optical 
incremental encoder, model HEDS 9200, manufactured by Agilent Technologies. The 
model HEDS 9200 may have a length of about 20 to about 30 mm, a width of about 8 to 
about 12 mm, and a height of about 9 to about 1 1 mm. Although the position sensor 91 
illustrated is a linear optical incremental encoder, other suitable position sensor 
embodiments could be used, provided they posses the requisite positional resolution and 
time response. The HEDS 9200 is a two channel device where the channels are 90 
degrees out of phase with each other. This results in a resolution of four times the basic 
cycle of the flag: These quadrature outputs make it possible for the processor to determine, 
the direction of penetrating member travel. Other suitable position sensors include 
capacitive encoders, analog reflective sensors, such as the reflective position sensor 
discussed above, and the like. 

A coupler shaft guide 1 1 1 is disposed towards the proximal end 8 1 of the lancing 
device 80. The guide 1 1 1 has a guide lumen 112 disposed in the guide 1 1 1 to slidingly 
accept the proximal portion 92 of the elongate coupler shaft 84. The guide 1 1 1 keeps the 



WO 2004/112602 



PCT/US2004/019129 



14 

elongate coupler shaft 84 centered horizontally and vertically in the slot 102 of the optical 
encoder 91. 

Referring now to Figure 6, a still further embodiment of a cartridge according to 
the present invention will be described. Figure 6 shows one embodiment of a cartridge 

5 300 which may be removably inserted into an apparatus for driving penetrating members 
to pierce skin or tissue. The cartridge 300 has a plurality of penetrating members 302 that 
may be individually or otherwise selectively actuated so that the penetrating members-302 
may extend outward from the cartridge, as indicated by arrow 304, to penetrate tissue. In 
the present embodiment, the cartridge 300 may be based on a flat disc with a number of 

10 - penetrating members such as, butinnoway limited to, (25, 50, 75, 100, ...) arranged 
radially on the disc or cartridge 800. It should be understood that although the cartridge 
300 is shown as a disc or a disc-shaped housing, other phapes or configurations of the 
cartridge may also work without departing from the spirit of the present invention of 
placing a plurality of penetrating members to be engaged, singly or in some combination, 

15 by a penetrating member driver. 

. Each penetrating member 302 may be contained in a cavity 306 in the cartridge 
300 with the penetrating member's sharpened end facing radially outward and may be in 
the same plane as that of the cartridge. The cavity 306 may be molded, pressed, forged, 
or otherwise formed in the cartridge. Although not limited in this manner, the ends of the 

20 cavities 306 may be divided into individual fingers (such as one for each cavity) on the 
outer periphery of the disc. The particular shape of each cavity 306 may be designed to 
suit the size or shape of the penetrating member therein or the amount of space desired for 
placement of the analyte detecting members 808. For example and not limitation, the 
cavity 306 may have a V-shaped cross-section, a U-shaped cross-section, C-shaped cro?s- 

25 section, a multi-level cross section or the other cross-sections. The opening 8 1 0 through 
which a penetrating member 302 may exit to penetrate tissue may also have a variety of 
shapes, such as but not limited to, a circular opening, a square or rectangular opening, a 
U-shaped opening, a narrow opening that only allows the penetrating member to pass, an 
opening with more clearance on the sides, a slit, a configuration as shown in Figure 75, or 

30 the other shapes. 

In this embodiment, after actuation, the penetrating member 302 is returned into 
the cartridge and may be held within the cartridge 300 in a manner so that it is not able to 
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be used again. By way of example and not limitation, a used penetrating member may be 
returned into the cartridge and held by the launcher in position until the next lancing 
event. At the time of the next lancing, the launcher may disengage the used penetrating 
member with the cartridge 300 turned or indexed to the next clean penetrating member 
such that the cavity holding the used penetrating member is position so that it is hot 
accessible to the user (i.e. turn away from a penetrating member exit opening). In some 
embodiments, the tip of a used penetrating member may be driven into a protective stop 
that hold the penetrating member in place after use. The cartridge 300 is replaceable with 
a new cartridge 300 once all the penetrating members have been used or at such other 
time or condition as deemed desirable by the user. 

Referring still to the embodiment in Figure 6, the cartridge 300 may provide 
sterile environments for penetrating members via seals, foils, covers, polymeric, or 
similar materials used to seal the cavities and provide enclosed areas for the penetrating 
members to res. in. In the present embodiment, a foil or seal layer 320 is applied to one 
surface of the cartridge 300. The seal layer 320 may be made of a variety of materials 
such as a metallic toil or other seal materials and may be of a tensile strength and other 
quality that may provide a sealed, sterile environment until the seal layer 320 is penetrate 
by a suitable or penetrating device providing a preselected or selected amount of force to 
open the sealed, sterile environment. Each cavity 306 may be individually sealed with a 
layer 320 in a manner such that the opening of one cavity does not interfere with the 
sterility i„ an adjacent or other cavity in the cartridge 800. As seen in the embodiment of 
Figure 6, the seal layer 320 may be a planar material that is adhered to a top surface of the 
cartridge 800. 

Depending on the orientation of the cartridge 300 in the penetrating member 
driver apparatus, the seal layer 320 may be on the top surface, side surface, bottom 
surface, or other positioned surface. For ease of illustration and discussion of the 
embodiment of Figure 6, the layer 320 is placed on a top surface of the cartridge 800. 
The cavities 306 holding the penetrating members 302 are sealed on by the foil layer 320 
and thus create the sterile environments for the penetrating members. The foil layer 320 
may seal a plurality of cavities 306 or only a select number of cavities as desired. . 

In a still farther feature of Figure 6, the cartridge 300 may optionally include a 
plurality of analyte detecting members 308 on a substrate 822 which may be attached to a 
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bottom surface of the cartridge 300. The substrate may be made of a material such as, but 
not limited to, a polymer, a foil, or other material suitable for attaching to a cartridge and 
holding the analyte detecting members 308. As seen in Figure 6, trie substrate 322 may 
hold a plurality of analyte detecting members, such as but hot limited to, about 10-50, 50- 

5 1 00, or other combinations of analyte detecting members. This facilitates the assembly 
and integration of analyte detecting members 308 with cartridge 300. These analyte 
detecting members 308 may enable an integrated body fluid sampling system where ihe 
penetrating members 302 create a wound tract in a target tissue, which expresses body 
fluid that flows into the cartridge for analyte detection by at least one of the analyte 

1 0 detecting members 308. The substrate 322 may contain any ntjmber of analyte detecting 
members 308 suitable for detecting analytes in cartridge having a plurality of cavities 
306. In one embodiment, many analyte detecting members 308 may be printed onto a 
single substrate 322 which is then adhered to the cartridge to facilitate manufacturing and 
simplify assembly. The analyte detecting members 308 may be electrochemical in nature. 

1 5 The analyte detecting members 308 may further contain enzymes, dyes, or other detectors 
which react when exposed to the desired analyte. Additionally, the analyte detecting 
members 308 may comprise of clear optical windows that allow light to pass into the 
body fluid for analyte analysis. The number, location, and type of analyte detecting 
member 308 may be varied as desired, based in part on the design of the cartridge, 

20 number of analytes to be measured, the need for analyte delecting member calibration, 
and the sensitivity of the analyte detecting members. If the cartridge 300 uses an analyte 
detecting member arrangement where the analyte detecting members are on a substrate 
attached to the bottom of the cartridge, there may be through holes (as shown in Figure 
76), wicking elements, capillary tube or other devices on the cartridge 300 to allow body 

25 fluid to flow from the cartridge to the analyte detecting members 308 for analysis. In 
other configurations, the analyte detecting members 308 may be printed, formed, or 
otherwise located directly in the cavities housing the penetrating members 302 or areas on 
the cartridge surface that receive blood after lancing. 

The use of the seal layer 320 and substrate or analyte detecting member layer 822 

30 may facilitate the manufacture of these cartridges 10. For example, a single seal layer 
320 may be adhered, attached, or otherwise coupled to the cartridge 300 as indicated by 
arrows 324 to seal many of the cavities 306 at one time. A sheet 322 of analyte detecting 
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members may also be adhered, attached, or otherwise coupled to the cartridge 300 as 
indicated by arrows 325 to provide many analyte detecting members on the cartridge at 
one time. During manufacturing of one embodiment of the present invention, the 
cartridge 300 may be loaded with penetrating members 302, sealed with layer 320 and a 
5 temporary layer (not shown) on the bottom where substrate 322 would later go, to provide 
a sealed environment for the penetrating members. This assembly with the temporary 
bottom layer is then taken to be sterilized. After sterilization, the assembly is taken to a 
clean room (or it may already be in a clear room or equivalent environment) where the 
temporary bottom layer is removed and the substrate 322 with analyte detecting members 
10 is coupled to the cartridge as shown in Figure 6^ This process allows for the sterile 
assembly of the cartridge with the penetrating members 302 using processes and/or 
temperatures that may degrade the accuracy or functionality of the analyte detecting 
members on substrate 322. As a nonlimiting example, the entire cartridge 300 may then 
be placed in a further sealed container such as a pouch, bag, plastic molded container, 
15 etc.. to facilitate contact, improve ruggedness, and/or allow for easier handling. 

In some embodiments, more than one seal layer 320 may be used to seal the 
cavities 306. As examples of some embodiments, multiple layers may be placed over 
each cavity 306, half or some selected portion of the cavities may be sealed with one 
layer with the other half or selected portion of the cavities sealed with another sheet or 
layer, different shaped cavities may use different seal layer, or the like. The seal layer 
320 may have different physical properties, such as those covering the penetrating 
members 302 near the end of the cartridge may have a different color such as red to 
indicate to the user (if visually inspectable) that the user is down to say 10,5,orother 
number of penetrating members before the cartridge should be changed out. 



20 
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Chemical sensor formulations have been developed that are capable of conducting 
numerous different chemical analyses on small samples, so that thejj maximum number of 
medical tests can be made using the minimum amount of sample. Volume of less than 
100 nL are possible. These blood chemistry tests include small mdlecules such as 

5 glucose and lactate, blood gasses (including p0 2 , pCO : ), blood pH, ions (Na\ Ca", K + ), 
and hematology, hematocrit and coagulation and hemoglobin factors/as well as immuno- 
diagnostics, and DNA testing. Parallel testing can be performed on the sensing cartridge 
using fluorescence-based detection using oxygen sensors so that a wide variety of tests 
can be performed using optical sensors for several species that can be interrogated with 

10 one illumination source and read with one detector (Wolfbeis O. Sensors and Actuators B 
51 (1998) 17-24). Analysis of multiple analytes from a fluid of unknown composition has 
been described (US 6,379,969 Mauze et al). Analysis <jf a plurality of metabolites in a 
hand held diagnostic device using a single cartridge using about 1-3 yiL of blood has also 
been described (US2003/007393 1 Universal Diagnostic platform, US2003/0073089 

1 5 Companion cartridge for disposable diagnostic testing). There is a need for a plurality of 
POC tests on a single cartridge such that sequential tests may be performed in an 
integrated fashion without changing the test cartridge. . ; 

In one embodiment of the present invention, each cartridge may contain a 
penetrating member/analyte detecting member combination on a radial disc format, 
20 interrogated and read by a single illumination/detection device. Alternatively a series of 
tests can be measured electrochemically and reported. In one embodiment, only those 
tests, which are desired at the time the sample is taken need to be reported, though all 
tests are carried out. This avoids having to change cartridges for a specific combination or 
panel since bundled tests with menu option. Of course, in some alternative embodiments, 
25 several cartridges, each with specific analyte testing capabilities, may be used for given 
disease state as desired. Test combinations may include a plurality of tests lor a single 
penetrating member/analyte detecting member combination repeated up to 100 times. In 
one embodiment, the nominal test panel would include blood gasses, electrolytes, 
metabolites, immunoassay and coagulation as a first choice. Cell counting and 
30 hematology are complex and may require almost 75% more space in the analyte detecting 
member area to complete. This may be accomplished by using the underside of the disk 
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and a second layer if more surface area is required, as seen in Figure 10. In one 
embodiment, the cartridge may contain microfluidic channels to fluidly connect fluid 
receiving sites on the top of the cartridge to those on the bottom. 

In one embodiment, the invention is comprised of an electronic lancet driver to 
5 penetrate tissue, a single disposable cartridge 400 containing penetrating memher/analyte 
delecting member pairs 402 arranged on a radial disk of about 6 cm in diameter. 
Penetrating members are coupled to the electronic actuator, which can actuate the 
penetrating members radially outward from the cartridge to penetrate tissue. As seen in 
Figure 7, optical or electrochemical analyte detecting members 4 1 0 may be coupled to the 
10 • cartridge, and positioned on the cartridge to receive blood from the wound created by the 
penetrating member. In some embodiments, the portion 4 1 2 may be an annular ring 
attached to the cartridge 410, instead of being integrally formed. In one embodiment, 
capillary forces draw the blood or other fluid sample, which flows from the wound to the 
surface of the skin, through an opening and then to the analyte detecting member chamber 
15 s.tua.ed, on the support disc (Figure 8 and 9). In this embodiment, once blood fills the 

analyte detecting member, analytical testing can be performed on the sample. Results may 
be read optically via transparent windows aligned with optical analyte detecting members, 
orelectrochemically from electrodes in contact with the biosensor chemistry. 

In one embodiment as seen in Figure 8, chemical tests are started simultaneously 
20 by having the blood fill a prefill chamber 450. It is microfluidically designed so that when 
enough sample has arrived to fill all the analyte detecting members, the chamber 450 is 
primed to empty and fill the analyte detecting member chemistry zones 454 
instantaneously. It should be understood that the zone 454 associated with each 
penetrating member may vary. Some embodiments may have 2, 3, 4, 5, 6, 7, 8, 9, 10, or 
25 more zones, depending on the types of tests being run and the fluid requirements for each 
zone. In some embodiments, more than one zone may be measuring the same analyte or 
they may all be measuring for the same analyte. Some of the zones may be on the top of 
the cartridge while the remaining are on the underside of the cartridge. 

In some embodiments, a blister 460 may be included. The blister 460 may be 
30 manufactured under pressure. When the blister 460 is broken (either by the indexing 
mechanism or another method) the pressure is released and calibration and or washing 
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fluid can be released throughout the test area or zones 454 prior to the arrival of blood or 
other fluid sample to the test region 454 so that equilibration can take place if required. A 
vent may also be included to prevent overfill of the cartridge if too 'much sample is 
delivered. Additionally and fill indicator may be present to indicate adequate sample fill 

5 of the sample chamber. In some embodiments* the vent and/or fill indicator may be 
coupled to the sample chamber or to the chemistry zones. 

Figure 9 shows a still further embodiment of the present invention where different 
zones are on each cartridge 400. The cartridge may be divided by different test chemistry 
regions: In some embodiments; the cartridge 400 may have the same tests associated with 

1 0 each penetrating member. In other embodiments, the cartridge 400 may be divided into 
2, 3, 4, 5, 6, 7, 8, 9, 1 0, or more zones, depending on which tests should be run. Some 
tests may vary based on the time of day that the testingj occurs. The cartridge may be 
rotated as desired to bring the desired test into position for use with fluid sampling. 

It should be understood that embodiments of the present invention may provide at 

1 5 least some of the following advantages. All of the advantages miniaturized, disposable, 
biohazaTd etc, as described in commonly assigned copending U.S. Patent Application 
, Attorney Docket No. 38187-2551, 38187-2609, and 38187-2662. The device may have 
handheld, two way communication, data management (as per US 2003/007393 1 Al 
Universal diagnostic platform). The device may have integrated sampIing/POC testing 

20 device for one step sample to read. The device may have blood volume requirement less 
than 1 microL. The device may have many tests on single analyte detecting 
member/penetrating member combination. Each segment may have the same test or the 
cartridge can be divided into regions with a plurality of specific tests. All tests run, subset 
reported, cost of test only for tests required. Analyte detecting members may be 

25 electrochemical or optical (or any combination of both or other analyte detecting member 
types). The device may include companion cartridge for more complex less common 
tests, only used if required. In some embodiments as shown in Figure 10, the underside 
of a cartridge as described in 38187-2662 may be used for tests requiring larger surface 
area e.g. washing steps in hematology or cell counting. All tests may start simultaneously 

30 by means of an upstream fixed volume chamber which empties instantaneously when full. 
The device may have vents, seals, fill detectors as described in 38187-2582. Cartridge 
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vent system opens by piercing mechanism to allow on board calibration fluids to start 
flowing into relevant fluidic structures. The device may optically interrogate from 
bottom as in F I optical disclosure. Array detection may be used as in 38 1 87:2609. 

In another aspect of the present invention, an improved analyte measurement 
storage device will be described. The current invention teaches devices and methods for 
isolating the enzymatic region from the sensing region in such a way that they can be 
fabricated and stored without interacting with each other during their pre-use phase. 
However the regions can be properly coupled during their use for proper functioning. 

Referring now to Figure 1 1 , a penetrating member 500 such as one driven by 
device as taught herein (though not limited in that manner) may be used to puncture a 
structure 5.02 containing an enzyme area 504 and a sensing area 506. Septums or seals 
508, 5 10, 512 and may be used to keep these two areas separated prior to use. Asa 
nonlimiting example, the area 504 may be stored in an inert gas (non oxygen) 
environment, while the area 506 is stored in a different environment. The flow of fluid 
520 into the region may be due to gravity, capillary force, vacuum, or other technique. . 
The flow allows the fluid to first gather material from the enzyme area 504 which may 
prepare the fluid for sensing the area 506. These sensing techniques may be used with 
optical analyte detecting member as known to those skilled in the art. 

In one embodiment of this invention, the enzyme layer is deposited on the surface 
of a capillary region through which the sample to be analyzed flows , 0 »he sensing region 
where the transduction takes place. The coating can be placed on the wall of the capillary 
itself, or on the surface of any component of the device such as a penetrating member that 
comes in contact with the sample as it flows toward the sensing region. As the sample 
moves through this region it either dissolves the enzyme layer or extracts the enzyme into 
the sample. The rate of this enzyme uptake by the sample can be adjusted such that by the 
time sample reaches the sensing region the enzyme has adequately interacted with the 
analyte to present appropriate sample for detection by the analyte detecting member. This 
can be achieved by adjusting one or more of the following factors: 1) .he length of the 
coated region along the sample flow path, 2) thickness of the coating, 3) chemical 
composition of the coating, 4) porosity of the coating, 5) speed of .he flow of .he sample. 
These methods and means of achieving the appropriate enzyme uptake may be dependent 
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upon the particular chemistry of enzyme and other reagents and would be readily 
determined by those familiar with the art of enzyme chemistry. These alternatives are 
included in this invention by reference. 

In another embodiment of this invention, the sensing regions can be located along 
5 the flow path of the sample. In such a configuration, the enzyme layer is still coated on 
the walls along the flow path; the sample picks up different amount of the enzyme as it 
passes over each of the sensing regions. Thus the sensing region closest to the sample 
entry port has the least amount of enzyme and the one furthest along the flow path has the 
most amount of the enzyme. Such as scheme can be advantageously used where the 
10 amount of enzyme required for getting optimal analyte detecting member signal depends 
upon the (unknown) amount of the analyte in the sample. Since the analyte content is not 
known a priori, series of signals obtained from the sen|ing regions as a function of the 
amount of enzyme taken up by the sample can be evaluated and the optimal signal can be 
used for determining the analyte concentration. 
1 5 Although these embodiments refer to the enzyme as an example of the chemical 

that is taken up by the sample for analysis, any other chemical species that is required to 
be dissolved in on contacted with the sample before analysis could be thus disposed using 

i 

the teachings of this invention. 

The current invention results in several advantages in the devices for analyte 
20 sensing and methods of manufacturing the same. Isolation of the enzyme from the sensing 
regions allows one to use different or incompatibles chemistries such as solvents for 
manufacturing and depositing the sensing layer and the enzyme layer. 

An example is a glucose analyte detecting member based on sensing of oxygen 
depletion by the reaction of glucose, with glucose oxidase. In this type of analyte detecting 
25 members, the oxygen analyte detecting member could be made of a silicone rubber layer 
containing an oxygen sensing fluorophore. The solvents required for depositing this layer 
are usually lipophilic and will readily reduce the activity of glucose oxidase. These 
solvents, even in minute quantities, can outgas from the layer and over time gradually 
deactivate the enzyme. Based on the teachings of this invetion, the oxygen-sensing layer 
30 and the enzyme layer can be physically isolated from "each other. Or, they can be 
fabricated separately and then assembled together after adequate out gassing of the 
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harmful solvents etc. Alternatively, the two layers can be separated by a physical barrier 
such as septum during the pre-use storage of the device. At the time of analysis, the 
barrier can be broken by application of energy (thermal or electrical) or by impact of an 
object such as a penetrating member. Using such a barrier would enable one to store the 
layers in different atmospheres. For example, the enzyme could be stored in nitrogen 
atmosphere while the oxygen sensing layer could be stored in oxygen or another gas 
composition adequate for calibration at the time Of use or stability during storage. If the 
oxygen analyte detecting member is stored in an oxygen rich atmosphere, the dissolved 
oxygen could act as a reagent for the glucose-GOD reaction. Such a scheme will. provide 
a baseline for the oxygen consumed by the reaction of glucose that is not limited by the 
dissolved oxygen content of the sample. 

While the invention has been described and illustrated with reference to certain 
particular embodiments thereof, those skilled in the art will appreciate that various 
adaptations, changes, modifications, substitutions, deletions, or additions of procedures 
and protocols may be made without departing from the spirit and scope of the invention. 
For example, with any of the above embodiments, the location of the penetrating member 
drive device may be varied, relative to the penetrating members or the cartridge. With 
any of the above embodiments, the penetrating member tips may be uncovered during 
actuation (i.e. penetrating members do not pierce the penetrating member enclosure or 
protective foil during launch). With any of the above embodiments, the penetrating 
members may be a bare penetrating member during launch. With any of the above 
embodiments, the penetrating members may be bare penetrating members prior to launch 
as this may allow for significantly tighter densities of penetrating members. In some 
embodiments, the penetrating members may be bent, curved, textured, shaped, or 
otherwise treated at a proximal end or area to facilitate handling by an actuator. The 
penetrating member may be configured to have a notch or groove to facilitate coupling to 
a gripper. The notch or groove may be formed along an elongate portion of the 
penetrating member. With any of the above embodiments, the cavity may be on the 
bottom or the top of the cartridge, with the gripper on the other side. In some 
embodiments, analyte detecting members may be printed on the top, bonom, or side of 
the cavities. The front end of the cartridge maybe in contact with a user during lancing. 
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The same driver may be used for advancing and retraction of the penetrating member. 
The penetrating member may have a diameters and length suitable for obtaining the blood 
volumes described herein. The penetrating member driver may also be in substantially 
the same plane as the cartridge. The driver may use a through hole^or other opening to 

5 engage a proximal end of a penetrating member to actuate the penetrating member along 
a path into and out of the tissue. The embodiments herein are adapted for use with 
lancing devices described in U.S. Patent Applications Ser. No. 10/127,395 Attorney 
Docket No. 38187-2551US and Ser. No. 10/323,624 (38187-2606). ltshould also be 
understood that the multiple measurement zone configuration is not limited to a radial 

10 disc and may be adapted for use with cartridges that are rectangular, square, oval, 

polygonal, hexagonal, or other shaped in outline. They may be associated with single 
penetrating member cartridges or multiple penetrating rnember cartridges. 

Any of the features described in this application or any reference disclosed herein 
may be adapted: for use with any embodiment of the present invention. For example, the 

15 devices of the present invention may also be combined for use with injection penetrating 
members or needles as described in commonly assigned, copending U.S. Patent 
Application Ser. No. 10/127,395 (Attorney pocket No. 38187-2551) filed April 19, 2002. 
An analyte detecting member to detect the presence of foil may also be included in the 
lancing apparatus. For example, if a cavity has been used before, the foil or sterility 

20 barrier will be punched. The analyte "detecting member can detect if the cavity is fresh or 
not based on the status of the barrier. It should be understood that in optional 
embodiments, the sterility barrier may be designed to pierce a sterility barrier of 
. thickness that does not dull a tip of the penetrating member. The lancing apparatus may 
also use improved drive mechanisms. For example, a solenoid force generator may be . 

25 improved to try to increase the amount of force the solenoid can generate for a given 
current. A solenoid for use with the present invention may have five coils and in the 
present embodiment the slug is roughly the size of two coils. One change is to increase 
the thickness of the outer metal shell or windings surround the coils. By increasing the 
thicknesis, the flux will also be increased. The slug may be split; two smaller slugs may 

30 also be used and offset by V4 of a coil pitch. This allows more slugs to be approaching a 
coil where it could be accelerated. This creates more events where a slug is approaching 
a coil, creating a more efficient system. 
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In another optional alternative embodiment, a gripper in the inner end of the 
protective cavity may hold the penetrating member during shipment and after use, 
eliminating the feature of using the foil, protective end, or other part to retain the used 
penetrating member. Some other advantages of the disclosed embodiments and features 

. 5 of additional embodiments include: same mechanism for transferring the used penetrating 
members to a storage area; a high number of penetrating members siich as 25, 50, 75, 
100, 500, or more penetrating members may be put on a disk or cartridge; molded body 
about a penetrating member becomes unnecessary; manufacturing of multiple penetrating 
member devices is simplified through the use of cartridges; handling is possible of bare 

10 rods metal wires, without any additional structural features, to actuate them into tissue; 
maintaining extreme (better than 50 micron -lateral- and better than 20 micron vertical) 
precision in guiding; and storage system for new and used penetrating members, with 
individual cavities/slots is provided. The housing of the lancing device may also be sized 
to be economically pleasing. In one embodiment, the device has a width of about 56 

15 mm, a length of about 105 mm and a thickness of about 1 5 mm. Additionally, some 

embodiments of the present invention maybe used with non-electrical force generators or 
drive mechanism. For example, the punch device and melhods for releasing the 
penetrating members from sterile enclosures could be adapted for use with spring based 
launchers. The gripper using a frictional coupling may also be adapted for use with other 

20 drive technologies. 

Still ftirther optional features may be included with the present invention. For 
example, with any of the above embodiments, the location of the penetrating member 
drive device may be varied, relative to the penetrating members or the cartridge. With 
any of the above embodiments, the penetrating member tips may be uncovered during 
actuation (i.e. penetrating members do not pierce the penetrating member enclosure or 
protective foil during launch). The penetrating members may be a bare penetrating 
member during launch. In some embodiments, the penetrating member may be a patent 
needle. The same driver may be used for advancing and retraction of the penetrating 
member. Different analyte detecting members detecting different ranges of glucose 
30 concentration, different analytes, or the like may be combined for use with each 

penetrating member. Non-potentiometric measurement techniques may also be used for 
analyte detection. For example, direct electron transfer of glucose oxidase molecules 
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adsorbed onto carbon nanotube powder microelectrode may be used to measure glucose 
levels. In some embodiments, the analyte detecting members may formed to flush with 
the cartridge so that a "well" is not formed. In some other embodiments, the analyte 
detecting members may formed to be substantially flush (within 2Cj0 microns or 100 
5 microns) with the cartridge surfaces. In all methods, nanoscopic wire growth can be 
carried out via chemical vapor deposition (CVD). In all of the embodiments of the 
invention, preferred nanoscopic wires may be nanotubes. Any method useful for 
depositing a glucose oxidase or other analyte detection material on a nanowire or 
nanotube may be used with the present invention. Additionally, for some embodiments, 

1 0 any of the cartridge shown above may be configured without any of the penetrating 
. members, so that the cartridge is simply an analyte detecting device. Still further, the 
indexing of the cartridge may be such that adjacent canities may not necessarily be used 
serially or sequentially. As a nonlimiting example, every second cavity may be used 
sequentially, which means that the cartridge will go through two rotations before every or 

15 substantially all of the cavities are used. As another nonlimiting example, a cavity that is 
3 cavities away, 4 cavities away, or N cavities away may be the next one used. This may 
allow for greater separation between cavities containing penetrating members that were 
just used and a fresh penetrating member to be used next. For any of the embodiments 
herein, they may be configured to provide the various velocity profiles described. 

20 . Application Ser. No. 10/127,395 (Attorney Docket No. 38 1 87-2551) filed April 

19, 2002. This application is also a continuation-in-part of commonly assigned, 
copending U.S. Patent Application Ser. No. 10/237,261 (Attorney Docket No. 381 87- 
2595) filed September 5, 2002. This application is further a continuation-in-part of 
commonly assigned, copending U.S. Patent Application Ser. No. 10/420,535 (Attorney. 

25 Docket No. 38187-2664) filed April 21, 2003. This application is further a continuation- 
in-part of commonly assigned, copending U.S. Patent Application Ser. No. J 0/335, 142 
(Attorney Docket No. 38187-2633) filed December 31, 2002. All applications listed 
above are incorporated herein by reference for all purposes. The US provisional 
applications serial nos. 60/478,693 and 60/478,681 are fully incorporated herein by 

30 reference." 

The publications discussed or cited herein are provided solely for their disclosure 
prior to the filing date of the present application. Nothing herein is to be construed as an 



WO 2004/112602 



PCT/US2O04/O19J29 



27 



admission that the present invention is not entitled to antedate such publication by virtue 
of prior invention. Further, the dates of publication provided may be different from the 
actual publication dates which may need to be independently confirmed. All publications 
mentioned herein are incorporated herein by reference to disclose and describe the 
structures and/or methods in connection with which the publications are cited. 

, Expected variations or differences in the results are contemplated in accordance 
with the objects and practices of the present invention. It is intended, therefore, that the 
invention be defined by the scope of the claims which follow and that such claims be 
interpreted as broadly as is reasonable. 



WO 2004/1 12602 



PCT/US2004/0i9129 



28 

WHAT IS CLAIMED IS: 

1 1. A body fluid sampling device comprising: 

2 a cartridge containing a plurality of penetrating members; 

3 a plurality of analyte detecting members on said cartridge, wherein a first 

4 portion of the analyte detecting members measure a first analyte and a Second portion of 

5 the analyte detecting members measure a second analyte; and' 

6 a penetrating member driver for moving an active one of said penetrating 

7 members from a first position outward to penetrate tissue. 

1 2. The device of claim 1 wherein the penetrating member driver is 

2 coupled to a position sensor, said position sensor used Jo detect a position of the active 

3 one of said penetrating member while penetrating tissue. ■ 



1 3. The device of claim 1 wherein said first portion of analyte 

2 detecting members are all located on one area of the cartridge while said second portion 

3 of analyte detecting members are all located on a second area of the cartridge. 

1 4. The device of claim 1 wherein said first portion of analyte 

2 detecting members measure analyses related to blood gases; 

1 5. The device of claim 1 wherein said second portion of analyle 

2 detecting members measure analytes related to electrolytes. 

1 6. The device of claim 1 wherein said second portion of analyte 

2 detecting members measure analytes related to at least one of the following: blood gases, 

3 electrolytes, coagulation, or metabolites. 

1 7. The device of claim 1 further comprising handheld, two way 

2 communication, data management system. 

1 8. The device of claim 1 further comprising an integrated 

2 sampling/POC testing device for one step sample to read. 
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• 9. The device of claim I wherein body fluid requirement for each 

2 analyte detecting member is less than I microliter. 

1 ,0 - ^ device of Claim 1 further comprising many tests on single . 

2 penetrating member/analyte detecting member combination, 

1 ,K The device of claim 1 further comprising each segment has the 

2 sametest or the cartridge can be divided into regions with a plurality of specific tests. 

1 12 T" 1 * device of claim 1 further comprising all tests run, subset 

2 reported, cost of test only for tests required. 

1 13. The device of claim 1 wherein said analyte detecting members use 

2 either electrochemical, optical, or combinations of the measurement techniques. 

1 R The device of claim 1 further comprising a companion cartridge 

I wherein additional analyte detecting members are coupled for more complex less 

1 common tests, only used if required. 



15. The device of claim 1 further comprising analyte detecting 

! members formed on the underside of cartridge, said members used for tests requiring 
> larger surface area such as for washing steps in hematology or cell counting. 

16. The device of claim 1 further comprising an upstream fixed volume 
chamber which empties instantaneously when full so that all tests start simultaneously. 

1 7. The device of claim 1 further comprising vents, seals, fill detectors 

18. The device of claim 1 further comprising cartridge vent system 
opens by piercing mechanism to allow on board calibration fluids to start flowing into 
relevant fluidic structures 

19. The device of claim 1 further comprising optically interrogate from 
bottom as in FI optical disclosure 

20. The device of claim I further comprising array detection having a 
storage area having a sensing area; 
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3 another storage area having an enzyme area separate from the sensing area 

4 prior to tissue piercing; 

5 wherein said storage areas and sensing area are positioned to cause fluid to 

6 first flow to the enzyme area and then to the sensing area. 

1 2 1 . A method of body fluid sampling comprising: 

2 moving a penetrating member at conforming to a selectable velocity 

3 profile or motion waveform; 

4 piercing a storage area having a sensing area; 

5 piercing another storage area having an enzyme area separate from the 

6 sensing area prior to piercing; 

7 causing fluid to first flow to the enzyme area and then to the sensing area. 

1 22. The device of claim 1 further comprising storing said enzyme area 

2 in an inert environment different from an environment [for the sensing area. 

1 23. A device for body fluid sampling usable with a cartridge housing a 

2 plurality of penetrating members, the device comprising: 

3 a housing; 

4 a penetrating member driver coupled to said housing and for use with said 

5 cartridge; 

6 a processor for controlling said penetrating member driver to move at least 

7 one of said penetrating members at velocities which conform with a selectable velocity 

8 profile; 

9 a storage area having a sensing area; 

10 another storage area having an enzyme area separate from the sensing area 

11 prior to piercing; 

12 wherein said penetrating member pierces opens both storage areas upon 

13 member actuation and causing body fluid to first flow to the enzyme area and then to the 

14 sensing area. 



WO 2004/112602 



PCT/US2004/01912!> 



2/10 



DISPLACEMENT 
(mm) 



VELOCITY 
(m/sec.) 



DISPLACEMENT 
(nun) 



VELOCITY 

(rri/sec.) 




2.000 
1.000- 
0.000 
-1.000 
-2.000 

. 2.000 
1.000 
0.000 
-1.000 
-2.000 



.002 .004 .006 
TIME (sec.) 



008 .01 

Fig. 24 




.002 .004 .006 .008 
TIME (sec.) 




01 
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Figure 7A 
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